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The invention relates to the field of pharmaceutical and organic chemistry and pertains to a process for 
anomerizing nucleosides. 

Processes for preparing nucleosides frequently result in a mixture of alpha and beta nucleoside anomers. 
These nucleoside anomers are typically separated by a physical means such as crystallization or chromatog- 

5 raphy. Most often, the desired biological activity of a nucleoside resides predominantly in a single anomer of 
an anomeric mixture. However, the amount of a specified nucleoside anomer recoverable from an anomeric 
mixture by the above mentioned separation methods is often substantially less than that originally present in 
the anomeric mixture. Such low recoueries are generally due to interference from increased proportions of the 
unwanted anomer as the separation proceeds. Beta nucleoside anomers are useful and important as phar- 

10 macologically active compounds. Anomerization provides a way of increasing the amount of a desired nucleo- 
side anomer over that originally present in an anomeric mixture. When used in conjunction with the aforemen- 
tioned separation methods, anomerization can afford substantially improved overall recoveries of a desired nu- 
cleoside anomer. 

Nucleoside anomerization has been accomplished by photoir radiation in water, see R. A. Sanchez, et a/., 
15 J. Mol. Biol., 47, 531-643 (1970); and with bromine, see H. Quelo, el ai t C. R.Acad. ScL.Ser.C, 275 . 1137- 
1140 (1972). 

J. cadet, et al, describe nucleoside anomerization in Nucleic Acid Hydrolysis I. Isomerization and Anom- 
erization of Pyrlmldic Deoxyribonudeosldes in an Acidic Medium., J. Amer. Chem. Soc , 96:20, 6517-6519 
(1974) which involves contacting thymidine and 2 f -deoxyuridine nucleosides with 2 M HCt0 4 at 90° C to make 
20 a-and 0-furanosidic and pyranosidic anomers. 

Yamaguchi, T., et a/., in Synthetic Nucleosides and Nucleotides. XXI. On the Synthesis and Biological 
Evaluations of 2-Deoxy-alpha-D-ribofuranosyl Nucleosides and Nucleotides , Chem. Pharm. Bull. , 32(4) , 
1441-1450 (1984) describe anomerizing p-3\ 5'-di-0-p-toluoyl-2'-deoxythymidlne and p-N^benzoyl-Z-deox- 
ycytldine with bls(trimethylsllyl) acetamide and trimethylsilyltrlfluoromethanesulfonate in dry acetonitrile at 
25 70°C. 

Nucleoside anomerization employing protic acids or Lewis acids have been applied to a wide variety of 
nucleosides and include for example: 2 M HCI, see F. Seela and H. D. Winkler, Carbohydrate Research . 118 , 
29-53 (1983); 1 M HBr, see J. Cadet, Tetrahedron Lett. , 867-870 (1 974); and Nal/HOAc, see J. Matulic-Adamic, 
et a/., J. Chem. Soc.. 2681-2686 (1988). 

30 Base catalyzed anomerization has also been reported. For example, Armstrong, V.W., et al., in The Base 
Catalyzed Anomerization ofp-5-Formyluridine; Crystal and Molecular Structure ofa-5-Formyluridlno, Nucleic 
Add Res., 3, 1791 (1976) describe the treatment of 0-5-formyluridine with 1:1 4 N aqueous NaOH:MeOH at 
room temperature which affords an anomerically mixed product. However, uridine and 5-bromouridine are not 
anomerized by this process since they lack the 5-formyt group on the nucleoside substrate. I., Hideo, et a/., 

35 Synthesis of 5-AlkyI and 5-Acyl-uridines via 6-Mercaptouridine (Nucleosides and Nucleotides XVII), Hetero- 
cvcles . 8, 427-432 (1977) describe the anomerization of 2\3'-f>isopropylidene-5-acetyl-a-uridine with 2 N so- 
dium hydroxide. As can be seen, base catalyzed anomerization has been limited to pyrimldine nucleosides hav- 
ing electron-withdrawing substituents (e.g. formyl or acetyl groups) atthe C-5 position of the heterocyclic por- 
tion of the nucleoside. 

40 An object of the present invention is to provide a base catalyzed process for anomerizing nucleosides. 

Another object of this invention is to provide a base catalyzed process for anomerizing 2'-deoxy-2\2'-di- 
fluoro-nucleosides. 

Another object of this invention is to provide a base catalyzed process for anomerizing alpha-anomer-en- 
riched nucleosides free of the disadvantages and limitations found in the prior art 
45 Another object of this invention is to provide a base catalyzed process for anomerizing beta-anomer- 
enriched nucleosides free of the disadvantages and limitations found in the prior art 

According to the present invention there is provided a process for increasing the amount of beta-anomer 
nucleoside of the formula 
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wherein is selected from the group consisting of hydrogen, lower alkyl, f luoro, azide, hydroxy, and 
OB where B is a lower alkyl, or base-stable hydroxy protecting group; R 2 is selected from the group consisting 
of hydrogen, azide, lower alkyl, fluoro, hydroxy (provided R 3 cannon be f iuoro, azide, or hydroxy), and OB where 
B is as defined above; R 3 is selected from the group consisting of hydrogen, azide, lower alkyl, fluoro, hydroxy 
(provide R 2 cannot be fluoro, azide or hydroxy), and OB where B is as defined above; R4 is selected from the 
group consisting of hydrogen, azide, lower alkyl, fluoro, hydroxy (provided R5 cannot be fluoro, azide or hy- 
droxy), and OB where B Is as defined above; Rs is selected from the group consisting of hydrogen, azide, lower 
alkyl, fluoro, hydroxy (provided R4 cannot be fluoro, azide or hydroxy), and OB where B is as defined above; 
and 2 is a nucleobase of the formula 



wherein X is selected from N and CRe where Rs is hydrogen or lower alkyl; Re is selected from the group 
consisting of amino, lower alkyl amino, di(lower alkyl) amino, acyl amino, and N-acyl lower alkyl amino; and 
R 7 is selected from the group consisting of hydrogen, lower alkyl, fluoro and lower alkenyl; 
in an alpha-anomer enriched nucleoside over that originally present; comprising contacting an alpha-anomer 
enriched nucleoside of formula (I) with a hydroxide base and an organic solvent. 

Throughout this document, all temperatures are in degrees Celsius and all proportions, percentages and 
the like, are in weight units. Mixtures of solvents are in volume units, except where otherwise indicated. Anome- 
ric mixtures are expressed as a weight/weight ratio. The phrase "anomer enriched" alone or in combination 
refers to an anomeric mixture wherein the anomeric ratio differs from the equilibrium anomeric ratio and in- 
cludes substantially pure anomers. The term "lower alkyl" alone or in combination refers to straight, cyclic and 
branched chain aliphatic hydrocarbon groups which preferably contain up to 7 carbon atoms such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, n-hexyl, 3-methylpentyl groups and the like. The term "aryl" 
alone or in combination refers to carbocycl ic or heterocyclic groups such as phenyl, naphthyi, thienyl and sub- 
stituted derivatives thereof. The term "acyl" alone or in combination refers to the general formula ACO; wherein 
A is lower alkyl or aryl. The term "lower alkenyl" refers to an unsaturated hydrocarbon group containing up to 
7 carbon atoms and having one or two carbon double bonds. The phrase "base-stable hydroxy protecting 
group" refers to hydroxy protecting groups stable under basic conditions as described in Chapter 3 of Protective 
Groups in Organic Chemistry , McOmie Ed., Plenum Press, New York (1973) and Chapter 2 of Protective 
Groups in Organic Synthesis . Green, John, J. Wiley and Sons, New York (1981) such as benzyloxymethyl, 
methoxymethyl, 2-tetrahydropyranyl, benzyl, p-methoxybenzyl and trityl; and where the nucleoside contains 
a cis-2',3'-diol derivative the base-stable hydroxy protecting group includes acetonide, benzylidene and p-me- 
thoxybenzyl idene. 

The present process is carried out by contacting an alpha-anomer enriched nucleoside of formula (I) with 
a hydroxide base in an organic solvent The process promotes the stereoconversion of nucleosides by inverting 
the absolute configuration at the C-1' position of the nucleoside. While not wishing to be bound by theory, it 
is believed that this inversion is achieved by the action of the hydroxide base, hydroxide base concentration, 




3 



EP0 587 364 A1 



solvent, and reaction temperature employed. 

The present process increases the amount of beta-anomer nucleoside present in an anomeric mixture of 
unprotected nucleosides and nucleosides typically unreactive to acid catalyzed anomerization processes. 

A preferred embodiment of the present process, employs alpha-anomer enriched nucleosides having an 
5 anomeric ratio ranging from at least 10:90 alpha to beta up to substantially pure (about 100:0) alpha anomen 
and more preferably ranging from about 50:50 alpha to beta up to substantially pure alpha-anomer. 

A particularly preferred embodiment of the present process, increases the amount of 2\2'-dif luoro-2-de- 
oxy-P-anomer nucleoside in anomeric mixture and employs an alpha-anomer enriched 2\2'-dif luoro-2'-deoxy 
nucleoside having an anomeric ratio ranging from at least 75:25 alpha to beta to substantially pure alpha-anom- 
10 er. 

Hydroxide bases useful in the present process include alkali metal hydroxides such as lithium hydroxide, 
sodium hydroxide, potassium hydroxide and cesium hydroxide monohydrate; quaternary ammonium hydroxide 
bases such as benzyltrimethylammonium hydroxide and tetramethylammonium hydroxide; and alkaline earth 
metal hydroxides; most preferred are alkali metal hydroxides such as potassium hydroxide and cesium hydrox- 
15 ide monohydrate. The amount of hydroxide base employed in the present process ranges from about 2 molar 
equivalents to about 40 molar equivalents; however, from about 2.5 molar equivalents to about 5 molar equiv- 
alents Is preferred. 

It has been found that the rate of anomerization exhibits a third order dependency on the hydroxide base 
concentration. Therefore, the of hydroxide base concentration preferably ranges from about 0.5 molar to about 
20 5 molar and more preferably ranges from about 2 molar to about 4 molar. 

Solvents useful in the present process are C r Cj alcohols such as methanol, ethanol, 2-methoxyethanol, 
and mixtures thereof; preferred is methanol. 

The reaction time is a function of the reactivity of the nucleoside, the hydroxide base, the hydroxide base 
concentration and the reaction temperature employed. The present process Is preferably carried out at tern- 
25 peratures ranging from room temperatures to about 120°C; more preferably from about 40°C to about 120°C; 
and most preferably from about 40°C to about 80°C. The present process is carried out In about 1/2 hour to 5 
days. 

The present process shifts the anomeric ratio of an anomer enriched nucleoside towards its equilibrium 
anomeric ratio. The equilibrium anomeric ratio differs for each nucleoside, however, for anomeric mixtures of 

30 1-(2-deoxy-2\2'-difluororibofuranosyl^ 

ty 60 (P):40(a). It should be noted that the reaction rate decreases substantially as the equilibrium anomeric 
ratio is approached. Therefore, the present process is carried out, in either a batch, semi-batch or continuous 
mode, so that it may be stopped prior to reaching the equilibrium anomeric ratio in order to avoid yield losses 
due to competing reactions, e.g. hydrolysis. 

35 When the present process is carried out in the presence of water, the potential for producing hydrolysis 
products, e.g. the conversion of the cytosine nucleobase to a uraci nucleobase, increases. However, when 
the present process is carried out in substantially anhydrous organic solvents, the hydrolysis reaction is sup- 
pressed and a substantially higher yield of the anomerization product results. Therefore, the amount of water 
employed in the present process is substantially zero. 

40 The process may be monitored by withdrawing aliquots at various times over the course of the reaction, 
quenching the aliquots with acid, diluting the aliquots with an appropriate volume with water, and assaying 
the aliquots by high pressure liquid chromatography (HPLC) to determine the anomer ratio of the nucleosides 
present 

Once the desired anomer ratio has been achieved, the resulting solution is acidified, for example, by adding 
45 an acid such as hydrochloric acid, or neutralized, depending on the nucleoside employed. 

The desired nucleoside anomer may be isolated by standard separation techniques such as crystallization 
or chromatography. 

Example 1 

50 

Anomerization of 1-(2*-deoxy-2',2'-difluoro-a-D-rlbofuranosyl)-4-aminopyrlmidln-2-one (1) to 1-(2'-deoxy- 
Z^'-difluoro-p-D-ribofuranosyO^-aminopyrimidin^-one (2) with Anhydrous Lithium Hydroxide in Methanol 

Asolution of 1 .50 g (5.70 mmol) of 1 in 6.0 ml of anhydrous methanol was treated with 41 0 mg (1 7.1 mmol; 
3.0 eq.) of anhydrous lithium hydroxide and the resulting mixture was heated to reflux under dry nitrogen. Re- 
55 action aliquots (0.100 ml, 1.40 % of the total) were withdrawn at the times indicated below, quenched with 5 
ml 1 N HCI. diluted to 100.0 ml with water and assayed by HPLC (Method A). The yields of 1 and 2 and their 
anomeric ratios (1:2) are tabulated below: 
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Bapsed 


% Yield 


% Yield 


Ratio 


Aliquot 


Time (Hrs.) 


1 


2 


1:2 


1 


0.33 


99.6 


0.4 


100.0 


2 


24.50 


64 


18 


79:21 


3 


51.25 


42 


24 


64.36 




71.50 


34 


24 


58:42 


5 


94.75 


27 


24 


53:47 



Method A: Column: 25 cm x 4.6 mm Zorbax RX reverse phase. Flow rate: 1 .2 ml/min. Solvent A: methanol. 
Solvent B: 0.1 M pH 3 phosphate buffer. Gradient program: 0 - 8.0 minutes isocratic 3/97 of A/B; B.O -13.0 min- 
utes linear gradient from 3/97 of A/B to 50/50 of A/B: 13.0 - 18.0 minutes isocratic 50/50 of A/B; 18.0 - 23.0 
minutes linear gradient from 50/50 of A/B to 3/97 of A/B. The peak areas of 1 (t r = 4.9 minutes) and 2 (t r = 7.2 
minutes) were compared to an external standard containing known quantities of authentic samples to provide 
the yields of each. 

Example 2 

Anomerization of 1-(Z-deoxy-2' t 2 , -difluoro-a-D-ribofuranosyl)-4-aminopyrimidin-2-one (1) to 1-(2'-deoxy- 
2',2'-difluoro-p-D-ribofuranosyl)-4-aminopyrimidin-2-one (2) with Anhydrous Sodium Hydroxide in Methanol 
A solution of anhydrous sodium hydroxide in methanol was prepared by adding 6.0 ml of anhydrous me- 
thanol, stirred at 25°C under dry nitrogen, to 393 mg (17.1 mmol, 3.0 eq.) of sodium metal. When the metal 
dissolved, water (306 uJ, 17.0 mmol, 3.0 eq.) was added. To the above solution was added 1.50 g (5.70 mmol) 
of 1,andthe resulting mixture was heated to reflux. Reaction aliquots (0.100 ml, 1.36% of the total) were with- 
drawn at the times indicated below, quenched with 5 ml 1 N HQ, diluted to 100.0 ml with water and assayed 
by HPLC (Method A). The yields of 1 and 2 and their anomeric ratios (1 £) are tabulated below: 







Elapsed 


% Yield 


% Yield 


Ratio 






Time (Hrs,) 


1 


2. 


111 


35 


l 


.33 


99 


0.7 


>99:1 




2 


1.50 


92 


6 


94:5 




3 


18.50 


40 


30 


57:43 


40 


4 


23. CO 


- -a 


3C 


52:4" 




5 


25.75 




3 0 


51: 4? 


45 














6 


90.75 


13 


18 


43:57 



Example 3 

50 

Anomerization of 1-(2'-deoxy-2',2'-dlfluoro-a-D-ribofuranosyl)-4-aminopyrimidin-2-one (1) to 1-(2'-deoxy- 
2\2-difluoro-p-D-ribofuranosyl)-4-aminopyrimidin-2-one (2) with Potassium Hydroxide in Ethanol 

Asolution of 1.50 g (5.70 mmol) of 1 in 6.0 ml of absolute ethanol was treated with 1.10 g (17.1 mmol; 3.0 
eq.) of 86 percent potassium hydroxide and the resulting mixture was heated to 76°C-77°C under dry nitrogen. 
55 Reaction aliquots (0.100 ml, 1 .26% of the total) were withdrawn at the times indicated below, quenched with 
5 ml 1 N HCI, diluted to 100.0 ml with water and assayed by HPLC (Method A). The yields of 1 and 2 and their 
anomeric ratios (1:2) are tabulated below: 
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Elapsed 


% Yield 


% Yield 


Ratio 


Aliquot 


Time (Hre. ) 


1 


2 


1:2 


1 


.33 


93 


5 


95:5 


2 


2.00 


49 


22 


69:31 


3 


4.50 


24 


23 


51:49 


4 


6.50 


17 


21 


45:55 


5 


24.33 


4 


6 


39:61 


6 


29.00 


3 


5 


39:61 
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Example 4 
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Anomerization of 1-(2'-deoxy-2\2^ifluoro-aO-rlbofuranosyl)-4-aminopyrimidiri-2-one (1) to 1-(2'-deoxy- 
Z^'-difluoro-^D-ribofuranosylJ^-aminopyrimidin^-one (2) with Barium Hydroxide in Methanol 

A mixture of 0.60 g (2.28 mmol; 1 .0 eq.) of 1 , 0.62 g (3.42 mmol; 1 .5 eq.) of 95 percent barium hydroxide 
and 4.4 mi of anhydrous methanol was stirred and heated at reflux for 28 hours. The resulting mixture was 
cooled to 0°C, quenched with 5.6 ml of 1 N HCI, and diluted to 250 ml with water. A5.00 ml aliquot of the resulting 
tan solution was diluted to 1 00.0 ml with water, and assayed by HPLC (Method A). The yield of 1 and 2 and 
their anomeric ratio (1:2) is tabulated below: 



% Yield 


% Yield 


Ratio 


1 


2 


1:2 


82 


8 


92:8 



Example 5 

35 Anomerization of 1-(2'-deoxy-2',2 , -difluoro-a-D- ribofuranosyt)-4-aminopyrimidin-2-one (1) to 1-(2'-deoxy- 
Z,2'-difluoro-p-E)-ribofuranosyl)^-aminopyrimidin-2-one (2) with Cesium Hydroxide Monohydrate in Methanol 
A mixture of 1.23 g (4.68 mmol) of 1, 2.36 g (14.05 mmol; 3.0 eq.) of cesium hydroxide monohydrate, and 
4.93 ml of anhydrous methanol was heated to reflux under dry nitrogen. Reaction aliquots (0.100 ml, 1.59% 
of the total) were withdrawn at the times indicated below, quenched with 5 ml 1 N HCI, diluted to 100.0 ml with 

^ water and assayed by HPLC (Method A). The yields of 1 and 2 and their anomeric ratios (1:2) are tabulated 
below: 



46 



50 



1 



Elapsed 
HISS (fflrgr 
.33 

4.50 



% Yield 
1 

97 

5S 



% Yield 
2. 

3 

21 



Ratio 
1:2 

97:3 
65:35 



55 



7.00 
24.00 



48 

23 



37 
32 



56:44 
41:59 
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Example 6 

Anomerization of 1-(2'-deoxy-2\2 , KJIfluoro-a-DH"ibofuranosyl)^-aminopynmidin-2-one (1) to 1-(2'-deoxy- 
Z^'-difluoro-p-D-ribofuranosylJ-^aminopyrimidin^-one (2) with Potassium Hydroxide in 2-Methoxyethanol 
5 A mixture of 1.50 g (5.70 mmol) of 1, 1.10 g (16.9 mmol; 3.0 eq.) of 86 percent potassium hydroxide, and 
6.0 ml of 2-methoxyethanol was heated to 76°C under dry nitrogen. Reaction afiquots (0.100 ml, 1 .26% of the 
total) were withdrawn at the times indicated below, quenched with 5 ml 1 N HCI, diluted to 100.0 ml with water 
and assayed by HPLC (Method A). The yields of 1 and 2 and their anomeric ratios (1:2) are tabulated below: 



10 




Elapsed 


% Yield 


% Yield 


Ratio 


Aliquot 


Time (Hrs. ) 


1 


2 


1:2 




1 


.42 


93 


4 


96:4 


15 


2 


2.08 


62 


17 


78:22 




3 


4.58 


38 


23 


62.38 




4 


6.58 


29 


24 


54:46 


20 


5 


24.50 


6 


12 


36:64 




6 


29.08 


5 


10 


35:65 



Example 7 

Anomerization of 1-(2'-deoxy-2',2'-dlfluoro-a-D-rlbofuranosyl)-4-aminopyrlmidin-2-one (1) to 1-(2'-deoxy- 
Z^'-difluoro-p-D-rlbofuranosy^-aminopyrimidin^-one (2) with Potassium Hydroxide In Methanol 

A mixture of 750 mg (2.85 mmol) of 1, 558 mg (8.55 mmol; 3.0 eq.) of 86 percent potassium hydroxide, 
and 3.4 ml of anhydrous methanol was heated to reflux under dry nitrogen. Reaction aliquots (0.1 00 ml, 2.56% 
of the total) were withdrawn at the times indicated below, quenched with 5 ml 1 N HCI, diluted to 100.0 ml with 
water and assayed by HPLC (Method A). The yields of 1 and 2 and their anomeric ratios (1:2) are tabulated 
below: 



35 




Elapsed 


% Yield 


% Yield 


Ratio 


Aliquot 


Time (Hre.) 


1 


2 


1:2 




1 


.33 


99 


1 


99:1 


40 


2 


2.17 


88 


12 


88:12 




3 


3.50 


78 


18 


81:19 




4 


4.92 


70 


22 


76:24 


45 


5 


24.00 


29 


34 


46:54 




6 


29.00 


27 


34 


44:56 




7 


47.25 


21 


29 


42:58 



50 

Example 8 

Anomerization of 1-(2 , -deoxy-2\2 , -difluoro-a-D- ribofuranosylH-aminopyrimidin-2-one (1) to 1-(2'-deoxy- 
Z^'-difluoro-p-D-ribofuranosylJ^aminopyrimidin^-one (2) with Potassium Hydroxide in Methanol 
55 A mixture of 1.50 g (5.70 mmol) of 1, 1.10 g (16.9 mmol; 3.0 eq.) of 86 percent potassium hydroxide and 
4.4 ml of anhydrous methanol was heated to 55°C under dry nitrogen. Reaction aliquots (0.100 ml, 1.72% of 
the total) were withdrawn at the times indicated below, quenched with 5 ml 1 N HCI, diluted to 100.0 ml with 
water and assayed by HPLC (Method A). The yields of 1 and 2 and their anomeric ratios (1:2) are tabulated 
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below: 



10 



i 



Elapsed 
Time (Hrs. 
.33 
4.17 
24.50 



% Yield 
1 

99 

87 
52 



% Yield 
1 

1 



Ratio 
LL2. 

59:1 
■5:1: 

67:40 



15 



27.58 
45.25 



49 

37 



35 
38 



58:42 
50:50 
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Example 9 

Anomerization of 1-(2'-deoxy-2',2'-dlfluoro-a-D-ribofuranosyl)-4-aminopyrimldln-2-one (1) to 1-(2'-deoxy- 
2',2'-dif luoro-p-D-ribofuranosyl)-4-aminopyrlmidln-2-one (2) with Benzyltrimethylammonlum Hydroxide In Me- 
thanol 

Three Identical mixtures of 250 mg (0.95 mmol) of 1 and 1.3 ml (2.85 mmol, 3.0 eq.) of N-benzyltrimethy- 
lammonium hydroxide (40% by weight in methanol) were heated at reflux under dry nitrogen for the times in- 
dicated below. The resulting solutions (1-3) were cooled to 25°C and each was quenched by the adding 10 ml 
of 1 .0 N HQ, diluted to 1 L with water, and assayed by HPLC (Method A). The yields of 1 and 2 and t heir anome- 
ric ratios (1:2) are tabulated below: 





Reflux 


% Yield 


% Yield 


Ratio 


Solution 


Time (Hrs. ) 


1 


2 


1:2 


1 


3.0 


65 


15 


81:19 


2 


5.5 


52 


22 


71:29 


3 


B.O 


35 


24 


59:41 



to Comparative Example 10 

Anomerization of 1-(2 , -deoxy-2 , ,2 , -difluoro-<x-D-ribofuranosyl)-4-aminopyrimidin-2-one Hydrochloride (1 HCI) 
to 1-(2'-deoxy-2\2'-dffJuoro-p-D-ribofuranosy1H-aminopyrimidin-2-one (2) with Aqueous Sodium Hydroxide 
This example illustrates the effect water has on the nucleoside anomer yield. A solution of 160 mg (0.53 
45 mmol; 1 .0 eq.) of 1 HCI in 40 ml of 2.0 N aqueous NaOH (80 mmol, 150 eq.) was heated at 60°C. Reaction 
aliquots (4.00 ml, 10.0% of the total) were withdrawn at the indicated times, quenched with 10 ml of 1 N HCI, 
diluted to 50.0 ml with water and assayed by HPLC (Method A). The.yields of 1 and 2 and their anomeric ratios 
(1 :2) are tabulated below: 

50 



55 



8 



EP0 587 364 A1 



5 



10 





Elpased 


% Yield 


% Yield 


Ratio 


Aliquot 


Time (Hrs. ) 


1 


2 


1:2 


1 


1.0 


68 


10 


87:13 


2 


3.0 


35 


13 


73:27 


3 


6.0 


12 


8 


62:38 


4 


24.0 


0 


0 





Example 11 

15 Anomerization of a crude 81:19 mixture of 1-{2 -deoxy-2\2'-difluc)ro-a-D-ribofuranosylH-a^nopyrimidin-2- 
one (1) and 1-(2'^eoxy-2\2 , -difluoro-^r><ibofuranosyl)-4-aminopyrimidin-2-one (2) with Potassium Hydrox- 
ide in Methanol 

The selective crystallization of 2 from a crude aqueous mixture of 1 and 2 having an anomeric ratio (1:2) 
of 65:35 provided a mother liquor having an anomeric ratio of 81:19. On evaporating the liquor in vacuo 36.14 

20 g of residue was obtained which was found by HPLC analysis to contain 18.32 g (0.070 moles) of total nucleo- 
side (1 and 2). Asolution of the above residue, 1 3.7 g (0.21 0 moles; 3.0 eq.) of 86 percent potassium hydroxide 
and 120 ml of methanol was heated at reflux under dry nitrogen. After 8.25 hours, an additional 2.3 g (0.035 
moles) of 86 percent potassium hydroxide was added over a 10 minute period. Reaction aliquots (0.100 ml, 
0.0645% of the total) were withdrawn at the times Indicated below, quenched with 5 ml 1 N HCI, diluted to 

25 100.0 ml with water and assayed by HPLC (Method A). The yields of 1 and 2 and their anomeric ratios (1:2) 
are tabulated below: 



30 



35 





Elapsed 


% Yield 


% Yield 


Ratio 


Aliquot 


Time (Hrs.) 


1 


2 


1:2 


1 


.42 


81 


19 


81:19 


2 


7.50 


70 


24 


75:25 


3 


8.25 


70 


25 


74:26 


4 


27.50 


49 


36 


58:42 



Example 12 

Anomerization of 1-(2-deoxy-2 , f 2 , -difluoro-a-D-ribofuranosyl)-4-aminopyrimidin-2-one Hydrochloride (1 HCI) 
to 1-(2-deoxy-2\2 , -drfluoro-|^D-ribofuranosyl)-4-^inopyrimidin-2-one (2) Potassium Hydroxide in Methanol 
A mixture of 1.60 g (5.34 mmol) of 1-HCI, 1.40 g (21.5 mmol; 4.0 eq.) of 86 percent potassium hydroxide, 
and 7.5 ml of anhydrous methanol was heated at reflux under dry nitrogen. Reaction aliquots (0.1 35 ml, 1 .47% 
of the total) were withdrawn at the times indicated below, quenched with 5 ml of 1 N HCI, diluted to 100.0 ml 
with water and assayed by HP LC (Method A). The yields of 1 and 2 and their anomeric ratios (1 :2) are tabulated 
below: 
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5 



10 





Elapsed % 


% Yield 


% Yield 


Ratio 


Aliquot 


Time (Hrs) 


1 


2 


1:2 


1 


1.08 


95 


4 


96:4 


2 


4.33 


82 


14 


85:15 


3 


7.08 


73 


21 


77:23 


4 


23.08 


45 


38 


55:45 


5 


29.58 


39 


40 


50:50 



After refluxing for 30 hours, the reaction mixture was cooled in an ice bath and acidified by the dropwise 
addition of 1.5 ml of concentrated HCI. The resulting mixture was fOtered to remove the precipitated salts and 
the filter cake was washed with methanol (3 x 5 ml portions). The filtrate was then evaporated in vacuo and 
the residue dissolved in 7 ml of water. The pH of the aqueous solution was adjusted to 7 with aqueous potas- 
sium hydroxide and the solution was concentrated in vacuo until crystallization ensued. Upon cooling for 16 
hours at 5°C-10°C 328 mg (after air drying) of off-white precipitate were obtained and shown by *H NMR and 
HPLC analysis (Method A) to be 83.9 percent of 2 and contained 1 percent total non-volatile impurities, for a 
21 percent isolated yield of 2. 



Example 13 

x Anomerization of 1-(2*-deoxy-a-D-ribofuranosyl)-4-aminopyrimidin-2-one (5) to 1-(2'-deoxy-p-D-ribofurano- 

syl)~4-aminopyrimidin-2-one (6) with Potassium Hydroxide in Methanol 

A mixture of 1.14 g (5.0 mmol) of 5, 7.5 ml of methanol and 990 mg (1 5.0 mmoles; 3.0 eq.) of 85 percent 

potassium hydroxide was heated at reflux. Reaction aliquots (80 uL, 0.929% of the total) were withdrawn at 

the times indicated below, quenched with 25 ml of 0.05 M pH 3 phosphate buffer and diluted to 100.0 ml with 
^ water and assayed by HPLC (Method C). The yields of 5 and 6 and their anomeric ratios (5:6) are tabulated 

below: 



50 





Elapsed Time 


Aliquot 


(Hrs.) 


% Yield 


% Yield 


Ratio 


1 


0.5 


99.5 


0.5 


99.5:0.5 


2 


5.0 


92.8 


4.6 


95:5 


3 


22.0 


76.1 


15.2 


83:17 


4 


28.0 


72.0 


17.8 


80:20 


5 


46.0 


61.2 


22.5 


73:27 


6 


52.5 


59.1 


23.8 


71:29 


7 


71.5 


50.7 


24.7 


67:33 


8 


101.5 


43.2 


24.7 


64:36 


9 


124.0 


40.9 


24.9 


62:38 



Method C : 25 cm X 4.6 mm Apex ODS 5 \i column. Flow rate: 0.8 ml/minute. Solvent A: methanol. Solvent 
B: 0.05 M pH 3 phosphate buffer. Gradient 0- 10 minutes isocratic 100% of B; 10-15 minutes linear gradient 
from 1 00% of B to 50/50 of A/B; 15-19 minutes, isocratic 50/50 of A/B; 1 9-23 minutes linear gradient from 50/50 
of A/B to 100% of B. The peak areas of 5 (t r = 6.6 minutes) and 6 & = 8.1 minutes) were compared to an external 
standard containing known quantities of authentic samples to provide the yields of each. 



10 



EP0 587 364 A1 



Claims 



1. 



A process for increasing the amount of beta- anomer nucleoside of the formula 




,0. 



(I); 



wherein R-, is selected from the group consisting of hydrogen, lower alkyl, fluoro, azide, hydroxy, 
and OB where 6 is a lower alkyl or base-stable hydroxy protecting group; R 2 is selected from the group 
consisting of hydrogen, azide, lower alkyl, fluoro, hydroxy (provided R 3 cannot be fluoro, azide, or hy- 
droxy), and OB where B is as defined above; R 3 is selected from the group consisting of hydrogen, azide, 
lower alkyl, fluoro, hydroxy (provided R 2 cannot be fluoro, azide or hydroxy), and OB where B is as defined 
above; R4 is selected from the group consisting of hydrogen, azide, lower alkyl, fluoro, hydroxy (provided 
Rc cannot be fluoro, azide or hydroxy), and OB where B is as defined above; Rs is selected from the group 
consisting of hydrogen, azide, lower alkyl, fluoro, hydroxy (provided R4 cannot be fluoro, azide or hydroxy), 
and OB where B Is as defined above; and Z is a nucleobase of the formula 



wherein X is selected from N and CRe where R* is hydrogen or lower alkyl; Rq is selected from the 
group consisting of amino, lower alkyl amino, di (lower alkyl) amino, acyl amino, and N-acyl lower alkyl ami- 
no; and R 7 is selected from the group consisting of hydrogen, lower alkyl, fluoro and lower aikenyl; 
in an alpha-anomer enriched nucleoside over that originally present; comprising contacting an alpha- 
anomer enriched nucleoside of formula (I) with a hydroxide base and an organic solvent. 

2. The process of Claim 1 wherein the hydroxide base Is selected from the group consisting of alkali metal 
hydroxides, alkaline earth metal hydroxides or quaternary ammonium hydroxides. 

3. The process of Claim 2 wherein the hydroxide base is an alkali metal hydroxide selected from the group 
consisting of lithium hydroxide, potassium hydroxide, cesium hydroxide monohydrate or sodium hydroxide 
or an alkaline earth metal hydroxide such as barium hydroxide. 

4 The process of Claim 3 wherein the alkali metal hydroxide is selected from potassium hydroxide, sodium 
hydroxide or cesium hydroxide monohydrate. 

5. The process of Claim 1 wherein the amount of hydroxide base is from about 2 molar equivalents to about 
40 molar equivalents. 

6. The process of Claim 1 wherein the hydroxide base concentration is from about 0.5 molar to about 5 molar. 

7. The process of Claim 1 wherein the solvent is selected from methanol, ethanol, 2-methoxyethanoi, and 
mixtures thereof. 
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The process of Claim 7 wherein the solvent is a substantially anhydrous solvent. 

The process of Claim 1 wherein the alpha anomer ratio is from about 10:90 alpha to beta to about 100:0 
alpha to beta. 

The process of Claim 1 wherein the process temperature is from room temperature to about 120°C. 
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